Objective: The present study utilized ecobehavioral assessment to examine classroom functioning several years following early childhood traumatic brain injury (TBI) or orthopedic injury (OI) and its association with injury factors, neuropsychological abilities, and academic performance. Method: Participants included 39 children with moderate to severe TBI and 51 children with OI sustained between ages 3 and 7 years. At 7.2 (Ϯ 1.3) years post injury, ecobehavioral assessment was used to examine classroom functioning. Additional outcomes included neuropsychological tests, parent and teacher ratings of dysexecutive behavior, and teacher ratings of academic performance. Groups were compared on measures controlling for demographic characteristics, and associations among outcomes were examined using linear regression. Results: Children with TBI showed lower academic engagement relative to children with OI, as well as more frequent individual teacher attention for children with more severe injuries. For children with TBI, difficulties in classroom functioning were associated with lower cognitive flexibility and higher parent and teacher ratings of dysexecutive behavior. Lower scores on a test of fluid reasoning and a greater frequency of individual teacher attention were also associated with lower academic performance in children with TBI. Conclusions: Difficulties in classroom functioning are evident several years after early childhood TBI and were associated with greater injury severity, neuropsychological weaknesses, and poorer academic performance. Children with impaired cognitive flexibility and fluid reasoning skills were at greatest risk for these difficulties and associated weaknesses in academic performance. Instructional interactions may be a potential target for intervention to promote academic progress in at-risk children.
health impact of early childhood TBI, as well as assist in predicting which individuals will go on to have functional deficits in everyday performance that limit their educational attainment, psychological adjustment, and eventual vocational and adaptive functioning in adulthood. Children who sustain severe TBI in early childhood demonstrate persistent long-term (Ն2 years postinjury) impairments in various aspects of neuropsychological Catroppa, Anderson, Godfrey, & Rosenfeld, 2011; Treble-Barna et al., 2017) and adaptive (Catroppa, Godfrey, Rosenfeld, Hearps, & Anderson, 2012; Wade, Zhang, Yeates, Stancin, & Taylor, 2016) functioning into adolescence and adulthood. Acquiring an education is one of the major tasks of childhood, and one that predicts future vocational success and quality of life following TBI (Anderson, Brown, & Newitt, 2010) . Examining school functioning when these children are in middle and high school can thus inform our understanding of long-term functioning and assist in predicting future impairments.
Long-term school outcomes following early childhood TBI are not well characterized. In the short-term, children often demonstrate deficits across academic domains, with more severe injuries and younger age at injury associated with greater impairments (Ewing-Cobbs et al., 2006; Fulton, Yeates, Taylor, Walz, & Wade, 2012 ; H. G. Taylor et al., 2008) . Several studies have followed children with early TBI longitudinally to between 1 and 5 years post injury, documenting variable recovery of skills on academic achievement measures over the first 6 months to 2 years post injury and evidence for limited recovery in severely injured children (Barnes et al., 1999; Ewing-Cobbs, Fletcher, Levin, Iovino, & Miner, 1998; Ewing-Cobbs et al., 2006) . Children sustaining severe TBI during early childhood show lingering deficits in a range of school outcomes, including academic achievement on standardized tests, increased utilization of special education services, and grade retention. Few studies, however, have characterized outcomes beyond 5 years following early TBI.
Although a number of studies have examined long-term outcomes following pediatric TBI Catroppa et al., 2011) , to our knowledge, school outcomes have been assessed during adolescence in only two cohorts of children who sustained TBI during early childhood. Catroppa and colleagues (2009) followed children who sustained mild to severe TBI between the ages of 3-12 years to an average of 6.8 years post injury. Children who sustained their injuries before the age of 8 years showed poorer reading performance relative to children injured during middle childhood; however, this study did not include a healthy or orthopedically injured comparison group. Ewing-Cobbs and colleagues (2006) followed children with moderate to severe inflicted or noninflicted TBI sustained between 4 and 71 months of age to an average of 5.7 years postinjury. Children with TBI showed poorer performance on tests of reading, mathematics, and language relative to a community comparison group. In addition, almost 50% of the children with TBI had failed a school grade or required placement in a self-contained special education classroom. Children from this cohort were combined with children who sustained TBI between the ages of 8 -15 years in a recent report of school outcomes between 2 and 6 years post-TBI (Prasad, Swank, & Ewing-Cobbs, 2016) . Children with severe TBI had higher rates of school support services and poorer parent-rated school functioning relative to comparison children. In addition, younger age at injury was associated with placement in a self-contained classroom and poorer parent-rated school functioning. Results from these cohorts suggest that the effects of early severe childhood TBI on school functioning persist into adolescence. Although these findings add important information to a scant literature, they were limited by small sample sizes of children sustaining early injuries, inconsistent use of comparison groups, and the mixing of children with inflicted and accidental injuries in the cohort followed by Prasad et al., warranting replication in a larger sample.
Additional research is also needed to determine whether the extent of residual neuropsychological impairment may be useful in identifying children at greatest risk for academic problems and to advance knowledge of factors associated with these problems. In their cohort of children sustaining TBI between the ages of 3-12 years, Catroppa and colleagues (2009) found that subacute full scale IQ was positively associated with long-term reading accuracy, spelling, and arithmetic performance. In earlier follow-up of the participants in the current study, Fulton and colleagues (2012) found that subacute inhibitory control and verbal memory were positively associated with academic achievement scores at 1 year post injury. Associations of intellectual functioning and verbal memory with academic achievement are also reported in children who sustained their injuries in middle childhood (Catroppa & Anderson, 1999 . In their longitudinal study of children with TBI injured between the ages of 5-15 years and followed over a 5-year period, Ewing-Cobbs et al. (2004) reported that later nonverbal memory and visual constructional skills were concurrently associated with long-term math skills, whereas word generation and rapid naming skills were associated with reading and spelling.
Because scores on academic achievement tests may not accurately reflect a child's actual academic performance or their need for special education services, investigators have also examined neuropsychological correlates of these outcomes. Kinsella et al. (1995 Kinsella et al. ( , 1997 found that verbal memory and verbal fluency were associated with special education placement 1 and 2 years following TBI in school-age children. Similarly, Miller and Donders (2003) found verbal memory to predict special education placement 1-2 years post school-aged TBI. In children who sustained their injuries at 6 -12 years, Taylor and colleagues (2003) found that special education placement at 4 years post injury was associated with lower language and achievement scores earlier post injury, as well as lower concurrent scores on measures of intelligence, language, memory, executive functions, and achievement. Finally, verbal memory and parent-reported executive function skills at 6 months post injury predicted parent-reported school competence 12 months post injury in adolescents with moderate to severe TBI (Arnett et al., 2013) . To our knowledge, neuropsychological correlates of academic success or special education placement in adolescence have not been examined in children sustaining early TBI.
Children's behavior in the classroom may provide valuable insights into classroom and student characteristics that contribute to poorer academic performance. Given their often persisting neuropsychological impairments, children with early TBI may respond to classroom instruction in ways that differ from their peers and negatively impact their academic functioning. Studies examining classroom behaviors document higher rates of off-task behavior and lower rates of task engagement in children with ADHD (Abikoff et al., 2002; Junod, DuPaul, Jitendra, Volpe, & Cleary, 2006) . Classroom observations of extremely preterm/extremely This document is copyrighted by the American Psychological Association or one of its allied publishers.
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low birth weight children revealed that these students received more individual teacher attention and engaged in more off-task behaviors compared to term-born normal birth weight classmates, and these behaviors were associated with more negative teacher ratings of behavior and learning progress (Wong et al., 2014) . Examining specific classroom behaviors in children with early TBI may assist in identifying specific behavioral targets for intervention to improve academic outcomes. In addition, examining the neuropsychological correlates of specific classroom behaviors may assist in identifying children at risk for specific problematic classroom behaviors and enable the provision of classroom accommodations or modifications to lessen the negative impact of such behaviors on school functioning. Our primary aim was to compare children with early childhood TBI to children with early orthopedic injuries (OI) in assessments of classroom functioning and teacher-rated academic performance obtained several years post injury. Exploratory aims were to examine associations of injury severity, age at injury, and performance on concurrent neuropsychological testing with classroom functioning and academic performance, as well as to identify the types of classroom behaviors associated with poorer academic performance in the TBI group. We used a classroom behavior observational procedure referred to as ecobehavioral assessment to systematically examine classroom functioning. In this procedure, observers code student and teacher behaviors across successive cycles of observation using a time-sampling method. We hypothesized that children with TBI, compared with an OI comparison group, would elicit more teacher attention, display more off-task behavior, exhibit less academic engagement, and receive lower teacher ratings of academic performance. We also hypothesized that more severe TBI and younger age at injury would be associated with greater difficulties in classroom functioning and lower teacher ratings of academic performance. Finally, we expected that difficulties in classroom functioning would be associated with weaknesses in neuropsychological skills and lower teacher ratings of academic performance.
Method Participants
The study used a prospective, longitudinal, concurrent cohort research design to examine long-term outcomes in children following TBI or OI sustained during early childhood. The original cohort included children who sustained TBI or OI between the ages of 3 and 7 years. Children and their families were recruited within 3 months post injury, and were assessed 6, 12, and 18 months post injury (Chapman et al., 2010; Gerrard-Morris et al., 2010; H. G. Taylor et al., 2008; ). An initial follow-up study 3.5 years post injury was also conducted to assess long-term outcomes (Kurowski et al., 2011) . The present study assessed the school outcomes of the same children during the transition to adolescence, an average of 7.2 (Ϯ 1.3) years post injury.
Children were recruited from inpatient admissions between 2003 and 2006 at three Ohio children's hospitals and one Ohio general hospital, all with Level 1 trauma centers. The OI group was included to provide a comparison group that had similar effects of preinjury risk exposure and the experience of hospitalization for a traumatic injury. General eligibility criteria included age of injury between ages 36 and 84 months and English as the primary language in the home. Children with developmental, intellectual, or neurological disorders prior to injury, or whose injuries resulted from child abuse as documented by medical record or self-report, were excluded. Children in the TBI group had a complicated mild, moderate, or severe TBI attributable to blunt head trauma that required overnight hospitalization. Complicated mild to moderate TBI (henceforth referred to as 'moderate TBI') was defined as a Glasgow Coma Scale (Teasdale & Jennett, 1974 ) (GCS) score of 9 -12 with or without abnormal neuroimaging (moderate TBI) or a higher GCS score with abnormal neuroimaging as defined by an intracranial or parenchymal injury or depressed skull fracture (complicated mild TBI). Severe TBI was defined as one resulting in a lowest postresuscitation GCS score of 8 or less. Eligibility in the OI group included a documented bone fracture (excluding skull or facial fracture) that required overnight hospitalization, and the absence of any evidence of loss of consciousness or other findings suggesting the presence of a brain injury or head trauma.
Of the 205 participants eligible for the follow-up assessment, we successfully reestablished contact with 150 participants (73%), of whom 16 (10%) declined to participate because they were too busy or the child was no longer interested in taking part. Thirty-nine children with TBI and 51 children with OI completed both the neuropsychological testing and classroom observations at the extended long-term follow-up assessment. All but 7 of the children with TBI and 3 children with OI also had complete teacher ratings of academic performance. Participants included 9 of 23 children with severe TBI (39.1%) and 30 of 64 with moderate TBI (46.9%) from the original cohort. Retention was substantially higher for the follow-up neuropsychological testing alone (69.6% of severe TBI and 65.6% of moderate TBI). Three children had completed classroom observations but did not complete neuropsychological testing and one child completed neither. Twenty-eight children in the sample who had completed testing were from schools that either declined or did not respond to requests to conduct the classroom observations. Other reasons included lack of parent permission for the observations (n ϭ 2), an out-of-state family move (n ϭ 1), homeschooling (n ϭ 7), and child absence during scheduled school visits (n ϭ 2). A detailed diagram of the flow of participants from the original cohort to the present analyses is provided as supplemental material (see Supplemental Figure 1 ).
The moderate and severe TBI groups were combined for all comparisons and analyses because of small sample size. Participants with both neuropsychological and classroom observation data did not differ significantly (p Ͼ .05) from children who did not complete both assessments with respect to injury type, sex, or socioeconomic status (SES); however, there was greater attrition of non-Whites than Whites, 2 ϭ 4.12, p ϭ .041. For participants with both data sets, the TBI and OI groups did not differ significantly in age at injury, age at assessment, sex, race, or SES (see Table 1 ). Children were in Grades 5-12 during participation, with no significant differences between groups in grade distribution. This document is copyrighted by the American Psychological Association or one of its allied publishers.
Procedure
The study was approved by the Institutional Review Boards at each participating site. Informed consent was obtained from the families, teachers, and school principals before data collection. Children completed a structured battery of neuropsychological tests while parents completed ratings of children's executive functioning. A trained observer conducted classroom observations of each child approximately 6 months (M ϭ 0.53 years, SD ϭ 1.05) after the neuropsychological assessment due to scheduling challenges involved with gaining access to schools. Teacher ratings of child executive functioning were completed at the time of the school visit.
Measures
Neuropsychological measures and parent/teacher ratings. Detailed descriptions of neuropsychological measures included in the present study are provided elsewhere (Treble-Barna et al., 2017) . Study measures, associated constructs, and scores are listed in Table 2 and included assessments of verbal skills, verbal learning, fluid reasoning, attention, executive functioning, and processing speed. In addition, parents and teachers completed their respective versions of the Behavior Rating Inventory of Executive Functioning (BRIEF; Gioia, Isquith, Guy, & Kenworthy, 2000) . The BRIEF is a standardized rating scale on which parents or teachers report the frequency (never, sometimes, often) of children's dysexecutive behaviors. T scores on the General Executive Composite Scale (GEC) were used as the dependent variable. Higher T scores indicate more frequent dysexecutive behaviors, with T scores 65 or greater indicating clinically elevated problems.
Classroom behaviors. Observations of classroom behaviors were made during 50 min instructional periods using the Ecobehavioral Assessment software for the Mainstream Version of the Code for Instructional Structure and Student Academic Response (MS-CISSAR; Greenwood, Carta, Kamps, & Delquadri, 1997; Greenwood, Carta, Kamps, Terry, & Delquadri, 1994) . Using this program, behaviors or activities for each of three observational targets (child, teacher, and classroom) are coded in 20-s intervals in repeating 1-min cycles on a laptop computer. Ecobehavioral assessment is a well validated procedure that has been used in previous classroom observational studies (Greenwood et al., 1994; Greenwood, Tapia, Abbott, & Walton, 2003; Logan, Bakeman, & Keefe, 1997; Wong et al., 2014) . Data obtained from this method correlate with measures of academic achievement and reveal lower levels of academic responding, higher levels of off-task behavior, and more individual attention from teachers in at-risk compared to typically developing children (Greenwood, 1991; Greenwood et al., 1994; Wong et al., 2014) .
Event codes were examined for one teacher and three student behaviors, each defined in terms of the frequency (percent of 1-min cycles) of occurrence of the behavior during the observational session. Descriptions and examples of event codes are presented in Table 3 . Teacher focus on target was coded when the teacher was directing individual attention to the child being observed. Competing responses included any off-task behaviors, such as talking out of turn, breaking other class rules, or engaging in activities unrelated to the academic task. Academic responding, which provided an index of task engagement, was coded whenever the student responded directly to an academic task, as when reading from a book or writing answers on a worksheet. Task management included behaviors that were not direct responses to instruction but were preparatory to academic responses, such as attending to teacher instructions or moving from a desk to join a group. A higher frequency of teacher focus on target was assumed to reflect greater student need, as children with learning difficulties might be expected to require more individual assistance. Because more frequent competing responses would interfere with learning, this measure was assumed to assess potentially problematic classroom behavior. In contrast, more frequent academic responding and task management were considered as indications of more successful classroom functioning.
The TBI and OI groups did not differ significantly in the number of minutes of observation, with M ϭ 52.26, SD ϭ 11.59 for the TBI group and M ϭ 49.41, SD ϭ 10.20 for OI, t(88) ϭ 1.24, p ϭ .220. Attempts at standardizing the context for classroom observations included observing only instructional periods (i.e., not during tests/quizzes or when the class was completing activities not relevant to a lesson plan), observing classes considered to be "core" subjects (e.g., social studies/history, English/language arts, mathematics, science) as opposed to recreation-based subjects (e.g., art, computer class, woodwork, food/nutrition), and observing classes that take place within a school system (i.e., not observing homeschooling sessions or online courses). Eight children with TBI and four children with OI were receiving special education services (missing special education data for n ϭ 3 TBI and 1 OI). Consistent with the inclusion model of special education dominant in Ohio, only one child was receiving instruction in a special education classroom during observation. Interrater reliability was documented in a previous study using this same methodology (Wong et al., 2014) . Percentage agreement across all observations of the four codes ranged from 97% to 100% (kappas .92-.97, all ps Ͻ .001) in that study. Procedures for training in the present study were similar. Although missing data precluded computation of overall interrater reliability for this project, reliabilities of Ͼ.85 This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
were maintained over the course of the study by two raters conducting simultaneous, independent classroom ratings of approximately 10% of the children. Academic performance. The Teacher Report Form (TRF) of the Child Behavior Checklist (CBCL) was completed by each child's teacher (Achenbach & Rescorla, 2001 ). The TRF is a standardized behavior rating scale with good reliability and validity. We examined the Academic Performance T score, which is based on teachers' rating the child's performance in specific subject areas on a scale from 1 to 5 (far below to far above grade performance). The Academic Performance T score has an internal consistency of .67. Higher scores are indicative of better academic performance.
Statistical Analysis
Analysis of covariance (ANCOVA) was used to compare the children with TBI to those with OI on the neuropsychological tests This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
and parent and teacher ratings, frequency of occurrence (% of observational cycles) of each of the four measures of classroom behaviors, and teacher-rated academic performance (primary aim). Raw scores for teacher focus on target and competing responses were converted using square root transformations to normalize these distributions. Pearson partial correlations examined associations of injury factors with classroom behaviors in the TBI group only (exploratory aim). Injury factors examined were age at injury and injury severity as measured by the lowest post resuscitation GCS score. Exploratory linear regression analyses were conducted to examine (a) associations of scores on neuropsychological testing and parent/teacher ratings with each of the four measures of classroom functioning, (b) associations of scores on neuropsychological testing and parent/teacher ratings of dysexecutive behaviors with teacher-rated academic performance, and (c) associations of each of the four measures of classroom functioning with teacher-rated academic performance. The interaction of each predictor with injury group was included to examine whether associations differed by injury group; this interaction term was trimmed when nonsignificant (p Ͼ .05). When a significant interaction was detected, we examined simple slopes and group differences at high and low levels of the predictor (i.e., 1 standard deviation above or below the sample mean). Covariates for all analyses included SES (defined by averaging sample z scores for maternal education and median income for the family's census tract; Yeates et al., 2010) , sex, and age at assessment (non-normed tests and classroom behaviors only). An alpha of .05 was used for all analyses.
Results

Group Comparisons
The TBI group engaged in significantly less academic responding relative to children with OI, with a small to medium effect size (see Table 4 ), but did not differ significantly on the other three classroom behaviors. Previously reported group comparisons of neuropsychological performance (Treble-Barna et al., 2017) documented poorer fluid reasoning and inhibitory control in children with severe TBI relative to both children with moderate TBI and OI, as well as slower processing speed relative to the OI group. These differences were not found when the sample was limited to the children with classroom observations and with children with moderate and severe TBI combined into a single group (see Table  5 ). However, the TBI group had significantly higher parent ratings of dysexecutive behavior on the BRIEF, with a medium effect size. Group comparisons failed to reveal differences in teacher ratings of academic performance between the TBI group, Adj M ϭ 49.79, SE ϭ 1.46, and OI group, Adj M ϭ 50.39, SE ϭ 1.19.
Injury Factor Predictors in the TBI Group
Lower GCS was significantly associated with poorer response inhibition (TEA-Ch Walk, Do not Walk, r ϭ .40, p ϭ .012), poorer fluid reasoning (WASI Matrix Reasoning; r ϭ .42, p ϭ .009), lower full scale IQ, r ϭ .36, p ϭ .026, and poorer pragmatic language (CASL Pragmatic Judgment; r ϭ .33, p ϭ .046), with medium effect sizes. In addition, lower GCS was associated with more frequent teacher focus on target, r ϭ Ϫ.33, p ϭ .049. Younger age at injury was significantly associated with poorer verbal fluency (D-KEFS Verbal Fluency; r ϭ .32, p ϭ .047) and poorer fluid reasoning (WASI Matrix Reasoning; r ϭ .36, p ϭ .025), with medium effect sizes.
Associations Between Neuropsychological Abilities and Classroom Functioning
Injury group interacted with the following: teacher-rated dysexecutive behavior (BRIEF GEC) in predicting teacher focus on The student is actively engaged with the academic subject matter
Writing (e.g., taking notes); reading (aloud or silent); answering an academic question; engaged in academic discussion Task management
The student is behaving in a way that supports academic responding
Paying attention to teacher/peer; raising hand; looking for materials; moving to a new academic station Figure 1 . According to analyses of simple slopes, higher teacher ratings of dysexecutive behavior were positively associated with teacher focus on target for the TBI group, B ϭ 1.32, t(80) ϭ 3.64, p Ͻ .001, but not for the OI group. Post hoc group contrasts did not reach statistical significance at either a low or high level of teacher-rated dysexecutive behavior. Cognitive flexibility was positively associated with competing responses for the OI group, B ϭ 0.97, t(83) ϭ 2.01, p ϭ .048, but not for the TBI group. Post hoc group contrasts for this measure also failed to reach statistical significance at either a low or high level of cognitive flexibility. Cognitive flexibility was positively associated with academic responding for the TBI group, B ϭ 15.22, t(83) ϭ 2.89, p ϭ .005, but not for the OI group. Post hoc group contrasts revealed that children with TBI engaged in less frequent academic responding relative to children with OI at a low level of cognitive flexibility, t(83) ϭ Ϫ3.37, p ϭ .001, but not at a high level of cognitive flexibility. Higher parent ratings of dysexecutive behavior were negatively associated with task management for the TBI group, B ϭ Ϫ14.07, t(83) ϭ Ϫ2.48, p ϭ .015, but not for the OI group. Post hoc contrasts indicated that children with TBI engaged in more frequent task management relative to children with OI at a low level of parent-rated dysexecutive behavior, t(83) ϭ 3.01, p ϭ .004, but not at a high level of dysexecutive behavior.
Regression models also revealed several associations of neuropsychological test scores at follow-up with classroom functioning across groups. As summarized in Table 6 , higher scores on tests of working memory, full scale IQ, and pragmatic language were associated with less frequent teacher focus on target; higher verbal fluency scores and lower teacher-rated executive dysfunction were associated with less frequent competing responses; and higher scores on tests of verbal knowledge and full scale IQ were associated with more frequent task management.
Associations Between Neuropsychological Abilities and Academic Performance
Analysis of academic performance revealed an interaction of injury group with fluid reasoning (WAIS Matrix Reasoning), F(1, 75) ϭ 4.48, p ϭ .038, indicating that the association between fluid reasoning and academic performance differed for the two groups. As illustrated in Figure 2 , simple slope analysis revealed that fluid reasoning was positively associated with academic performance for the TBI group, B ϭ 6.02, t(75) ϭ 2.47, p ϭ .016, but not for the OI group. Post hoc group contrasts did not reach statistical significance at either low or high levels of fluid reasoning. Higher academic performance was associated with higher scores on tests of verbal knowledge, working memory, full scale IQ, and pragmatic language, faster processing speed, and lower teacher-rated executive dysfunction across groups (see Table 6 ).
Associations Between Classroom Functioning and Academic Performance
Regression results revealed a significant teacher focus on target x injury group interaction when predicting academic performance, F(1, 75) ϭ 4.09, p ϭ .047. As illustrated in Figure 3 , simple slope analysis revealed that teacher focus on target was negatively associated with academic performance in the TBI group, B ϭ Ϫ7.44, t(75) ϭ Ϫ3.08, p ϭ .003, but not in the OI group. Post hoc contrasts did not reach statistical significance at either a low or high level of teacher focus on target. Analysis failed to reveal any significant main effects of classroom behaviors on academic performance. This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
Discussion
The present study used ecobehavioral assessment to examine the classroom behaviors of children an average of 7.2 years following early TBI or OI, as well as to explore their associations with injury factors, neuropsychological abilities, and academic performance. Children with TBI engaged in significantly less academic responding relative to their OI peers. Academic responding provided a measure of task engagement, including responding directly to an academic task, as when reading from a book or writing answers on a worksheet. Further evidence for residual effects of TBI on academic responding was provided by exploratory analyses showing an association of lower scores on a test of cognitive flexibility with less academic responding in the TBI group, an association that was not observed in the OI group. These results support the hypothesis that children with TBI demonstrate poorer classroom functioning for many years following their injuries. Low academic engagement in the classroom may be a specific source of poorer long-term school outcomes in children with TBI. In addition, the results suggest that children with persisting impairments in cognitive flexibility after their TBI are at greatest risk for poor academic engagement in the classroom.
Although group differences were not found for teacher focus on target, exploratory analyses showed that more severe brain injury as measured by the GCS was associated with more frequent individual teacher attention. This result suggests that group differences in this measure may have been evident if our study had included more children with more severe TBI. Children with more severe TBI may elicit more teacher attention in the classroom due to more significant learning difficulties (Barnes et al., 1999; Ewing-Cobbs et al., 1998 , 2006 and more frequent disruptive behaviors (Ganesalingam, Sanson, Anderson, & Yeates, 2007; Hawley, 2004; Max et al., 1998; McKinlay, Grace, Horwood, Fergusson, & MacFarlane, 2010) requiring teacher intervention.
Our findings of reduced academic engagement and more frequent teacher attention in association with greater TBI severity must be interpreted in the context of comparable teacher-rated academic performance across the TBI and OI groups. These findings might suggest that, although children with TBI show less academic engagement, their differences in classroom behaviors do not translate into significantly impaired academic performance. The failure to find impaired academic performance, however, is contrary to our hypothesis and inconsistent with other studies that have found poorer teacher-rated academic performance in children with TBI several years post injury (Thaler, Mayfield, Reynolds, Hadland, & Allen, 2012) . Potential explanations for the absence of group differences are that the measure of academic performance This document is copyrighted by the American Psychological Association or one of its allied publishers.
was not sensitive to impairments in this sample, that teachers had lowered expectations of these children, and that the children were receiving special assistance or accommodations for their difficulties in classroom functioning. In support of the latter interpretation, teacher focus on target was negatively associated with academic performance in the TBI group. The reasons for children in the TBI group receiving more teacher attention were not documented, but one possibility is that they needed more direct instruction to help them with learning problems or keep them focused on their work. If this is the case, teacher interactions with children with TBI may serve as a potential target for intervention to improve academic performance. Interventions supporting more positive teacher- This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. student interactions during class, such as evidence-based positive behavior management programs (Maggin, Johnson, Chafouleas, Ruberto, & Berggren, 2012; Simonsen, Fairbanks, Briesch, Myers, & Sugai, 2008) , might help to improve classroom functioning in children with TBI and contribute to better academic progress. Several exploratory analyses supported our hypothesis that weaknesses in neuropsychological abilities would be associated with more difficulties in classroom functioning. In addition to the expected associations of neuropsychological skills with classroom functioning across groups, several associations were evident only for the TBI group. One of these was the above-noted association of lower scores on a test of cognitive flexibility with lower levels of academic responding. This association may have been limited to children with TBI because of the greater variability in outcomes within this group or because lower test scores in children with TBI may reflect a wider range of skill deficits in children with brain injury compared to other children. Higher ratings of dysexecutive behavior for the TBI group compared with the OI group imply broader ranging deficits in the TBI group and are thus consistent with this possibility. A related interpretation is that children with OI may have been able to better compensate for weaknesses in a given skill area by utilizing cognitive strengths. Hypothetically, for example, children with OI may have more intact attentional skills, which may allow them to remain engaged in classroom activities despite relative weakness in cognitive flexibility.
Another finding that was specific to the TBI group was the association between higher teacher ratings of dysexecutive behavior and higher teacher focus on target. This finding suggests that difficulties with behavior self-regulation may elicit teacher attention in children with TBI, possibly reflecting greater need of these children for externally guided structuring of their environment and behaviors by teachers relative to children who can better plan, organize, and monitor themselves. A stronger association of dysexecutive behavior in the TBI compared with OI group could then be attributed to the greater degree of such behavior following TBI.
A third association observed only for the TBI group was that between lower parent ratings of dysexecutive behavior and more task management. Specifically, at lower levels of dysexecutive behavior, children with TBI engaged in more frequent task management relative to children with OI. Task management included behaviors that were not direct responses to instruction but were preparatory to academic responses, such as attending to teacher instructions or moving from a desk to join a group. Although one might also expect such an association in children more generally, a stronger association in the TBI group could reflect more variability in these children compared to the OI group. Alternatively, higher levels of dysexecutive behaviors in children with TBI may have been accompanied by a broader range of other TBI-related weaknesses that also contributed to poor task management.
Exploratory examination of associations between neuropsychological test scores and teacher ratings of academic performance confirmed expectations that weaknesses in neuropsychological skills would be associated with poorer academic performance and provided further evidence for an association that was specific to children with TBI. Specifically, fluid reasoning in the TBI group was significantly associated with academic performance. The results suggest that fluid reasoning skills are protective or facilitative for academic functioning in children with TBI but less essential for children with OI, who may be able to succeed academically despite lower fluid reasoning skills. The importance of fluid reasoning for academic functioning is consistent with our recent investigation in the same cohort of neuropsychological mediators of adaptive functioning (Treble-Barna et al., 2017) . Along with processing speed, fluid reasoning was a significant independent mediator of the Figure 3 . Association of academic performance and teacher focus on target by injury group. High and low levels of Sqrt. teacher focus on target are based on 1 standard deviation above or below the sample mean. Higher Sqrt. teacher focus on target indicates more frequent individual teacher attention to the child being observed. OI ϭ orthopedic injury; TBI ϭ traumatic brain injury. This document is copyrighted by the American Psychological Association or one of its allied publishers.
effect of injury on adaptive functioning. Together, these results demonstrate the importance of fluid reasoning skills for long-term functioning across functional domains following early TBI. Although evidence-based interventions targeting fluid reasoning skills post injury are not currently available, children who have such impairments might be provided with earlier and more intensive academic interventions and accommodations to promote academic and adaptive functioning. A final and unexpected association, evident only for the OI group, was that between higher scores on a test of cognitive flexibility and more competing responses. Although this result may be spurious, children with OI who were more capable of switching mental sets may have been more prone to engage in off-task behaviors, perhaps because they were able to do so without adverse effects on academic performance. In contrast, children with TBI with greater cognitive flexibility may have remained more engaged as a means of compensating for other weaknesses or in response to previous school interventions. Information on school programs was insufficient for exploration of the latter possibility.
Several strengths of the present study highlight its unique contribution to the research literature. The prospective, longitudinal, concurrent cohort study design provides the largest cohort of children followed for more than 5 years following TBI sustained during early childhood. The use of ecobehavioral assessment to systematically examine classroom behaviors makes a novel contribution to the pediatric TBI literature. One limitation of the study is the relatively small sample of children with TBI who had classroom observation data; the small sample reduced our statistical power and precluded subgroup analyses. The exploratory analyses within injury groups were especially limited by small sample size and should, therefore, be interpreted with caution and will require replication in larger samples. In addition, the small number of children with severe TBI, for whom we might expect the most significant neuropsychological and school difficulties, may have resulted in an underestimation of impairment in the present sample. We included children from elementary through high school, spanning grades 5-12. The nature, associations, and implications of different classroom behaviors may vary across this wide range of academic settings with varying expectations. However, the sample size was insufficient for examining potential grade or age differences in outcomes.
The present study provides evidence that early childhood TBI results in long-term differences in classroom behaviors, including lower academic engagement, as well as more frequent individual attention from teachers of children with TBI who had lower GCS scores. For children with TBI, a test of cognitive flexibility and parent and teacher ratings of dysexecutive behavior were significantly associated with classroom functioning, lower scores on a measure of fluid reasoning with poorer academic performance, and more frequent individual teacher attention with poorer academic performance. Children with persisting weaknesses in cognitive flexibility and fluid reasoning may be at greatest risk for poor school outcomes, suggesting the need for early interventions and accommodations that take these weaknesses in account. The results also point to instructional interactions as a potential target for intervention to promote academic functioning in children with long-term school difficulties following early TBI. Future research should continue to examine the long-term effects of TBI sustained during early childhood and work toward improved prognostic tools and evidence-based interventions for addressing long-term functional impairments.
